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By Chung-Huva Wu, John T. Sinnette, Jr.
and Robert E. Forrette

SUMMARY

An analysis was made of the effect at design condition of inlet
hub-tip-radiug ratio and mass flow per wnit frontal area on the
allowable rotor-tip speed » Pressure ratio, and power input per wnit
frontal area’of multistage axial-flow compressors employing approxi-
mately symmetrical velocity diagrems at all radii, constant total
enthalpy along the radius, & maximum Mach number of 0.8 for all
stages, and a prescribed empirical turning limitation. . The analysis
covers linlet hub-tip-radius ratios of 0.6, 0.5, and 0.4, the prac-
tical range of design specific mass flows for each, and the number
of stages sufficient to give an exit hub-tip ratio of approximately
009. .

The analysis indicated thet for any given inlet hub-tip-redius
ratlo the design rotor speed and the pressure ratio per stage decrease
with increasing design mass flow per wnit frontal area. The max-
imum pressure ratio and rotor speed, determined by the minimum
allowable value of the axial velocity behind the first-stage rotor,
decrease with decreasing inlet hub-tip-radius retio. The power
input per stage per unit frontal area was fairly constant over the
practical range of design mass flow per unit frontal ares snd
veried only slightly with inlet hub-tip-radius ratio. )

When limited by an exit hub-tip-radius ratio of 0.9 and a
congtant maximm Mach number of 0.8 for all stages, the over-all
Pressure ratio, power input per unit frontal area, and mass flow
per wnit frontal area increased with ‘decreasing inlet hub-tip-radius
ratio over most of the range. For seven stages and the same limi-
tations, the maximum values of specific mass flow, total-pressurse
ratlo, and specific power input were reached at an inlet hub-tip
ratio of about 0.4 and were 31l.3 pounds Der second per square foot, -
549, and 4180 horsepower per square foot » respectively.
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INTRODUCTION -

Iittle information is available in current literature on
the variation of the design (maximum allowable) rotor-tip speed,
pressure ratio, and power input per unit frontal area of multi-
stage axial-flow compressors with the design mass flow per unit
frontal area and the inlet hub-tip radius ratio. A theoretical
investigation was conducted at the NACA Lewis laboratory in order
to obtain these relations for compressors designed with: (1) con-
stant work input to the rotor along the radius; (2) velocity dis-
tributions giving approximately symmetrical velocity diagrams at
- all radii; (3) a rotor speed that gives a maximum Mach number of
0.8 in the first stage; (4) a variable hub radius to glve a max-
imm inlet Mach number of 0.8 for all succeeding stages; and (5) a
turning limitation based on Howell's work (reference 1) with a
blade solidity of 1.5 at the hub for all stages. The compressiblility
effect was considered, but the effect of the curvature of stream-
lines, caunsed by radial flow, was neglected in the computation of
radial variation of the state of the air. Calculatlions were made
for inlet hub-tip-radius ratics of 0.6, 0.5, and 0.4 over the
practicel range of design mass flow for each ratio. The number
of stages used for each design was limited to that giving an exit
hub-tip-radius ratio of approximately 0.9.

A1l values given in this report are design values based on the
chosen maximum allowable Mach number and tuwrning of the air. The
values of rotor-tip speed, inlet-air velocity, mass flow, and power
input are equivalent values; that is, values corrected to NACA
standard sea-level inlet conditions. Equivalent mass flow and
equivalent power input per unit frontal ares are hereinafter referred
to as “gpecific mass flow' and “specific power input," respectively.
The hub-tip-radius ratio is hereinafter referred to as the "hub-tip

ratios"

Although the examples considered are for specific Mach number
and turning limitations, the trend of the design performance with
verying inlet hub-tip ratio and specific mass flow should be the
seme for eny similar specified limitation on Mach number and turning.
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SYMBOIS
The following symbols are used in this report:
annvlus area
frontal area
velocity of sound
total enthalpy
static enthalpy
relative Mach number at inlet to blade
total pressure
static pressure
average static pressure
radigl coordinate
rotor speed
absolute velocity ”of air
velocit.y of alr reletive to rotor blades
mass flow per second

axial coordinate

ratio of inlet-air total pressure to NACA stendard sea-level
Dressure

ra.tio of inlet-air total temperature %o NACA standard sea-
level temperature

blade element solidity

angular velocity of rotor

»
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Subseripts: (See fig. 1 for station notation and coordinate system. )

1 station upstrean of firs‘tj. rotor

2 station upstream of first stator and so forth
e exlt station downstream of last stator

h hub

1  1inlet statlon upstream of inlet guide vane

r' radial co@onen‘b

t tip

z axial component

6 tangential compoment

DESIGN CRITERIONS
The following design criterions are adopted for this analysis:

Velocity diagram. - The velocity diagram chosen is one that
gives a constant work input to the rotor along the radius and an
approximately symmetrical velocity diagram at all radil. The
deviation of the velocity diagram from exact symmetry is due to
the change in axial velocity across the blade and to the radial
displacement of streamlines (reference-2). Previous calculations
(references 2 and 3) show that this type of velocity diagram gives
significantly higher values of specific mass flow, pressure rise,
and design rotor-tip speed then does the usual vortex type for the
same design limitations.

Maximum Mach number. - The maximm Mach number of the air flow
relative to the blade was chosen to be 0.8 for all stages. This
value gives & high pressure rise through all stages and, according
to unpublished date obtained at the NACA Iangley and Iewls labo-
ratories, should not result in an appreciable loss in efficlency.

1241



92T

NACA TN 2068 5

Maximum turning. - Information regarding the amount of turning

the air can efficiently undergo for various design conditions is
relatively unavallable, . The formula suggested by Howell in refer-~
ence 1 is on the conservative side and is convenient to use. Bscause
the turning is largest at the hub for the present type of design, and
the axial veloclty at the hub at the entrance to the rotor is always
lower than that at the entrance to the stator s 1t was assumed that,
in general, the critical condition exists at the hub of the rotor P
and the twrning limitation was applied there. Because of the change
in axial velocity across the blade s Howell's formula was modified

to the following form (which reduces to his formuls when the axial
velocity V, is constent):

1.55 :
AL (1)
‘ 1+%
Solidity. - The solidity at the hub for all gstages was

chosen to be l.5. The efficiency tends to drop if the solidity
is too high, but wmpublished date obtained at the NACA Iangley
laboratory indicate that high efficlency can be obtained with
e solidity of 1l.5.

Vo,2 = Vg,1 =

_ Iip radius. - The tip radius was held constent for all stages
in order to keep the over-all diameter of the compressor the same
as that of the inlet stage.

Hub radius. ~ The hub radius was kept constant across the
inlet guide venes and first rotor row, and at subsequent stations
was Increased along the axis in such a menner as to give a max-
imm Mach number of 0.8 for all stages. The bercentage rise
in hub radius was the same across a stator row and the following
rotor row.

Polytropic efficiency. -AA polytropic efficiency of 0.9 was
assumed at the mean radius.

Mass-flow range. - For convenience, the parameter used %0
very the design mass flow was teken as the ratio ¥, /Uy at
the inlet to the first rotor. For each hub-tip ratio s this
veloclty ratio was varied in increments of O.1l; the minimum
value was chogen so as to avoid excessively low axial velocities
at the tip following the first rotor row, and the maximum value
was extended to 1.0, at which point the pressure ratio had dropped .
excesslvely and the use of a lower hub-tip ratio would be prefer-
able 1f a higher specific mass flow were reguired. -
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Number of stages. - The number of stages used for each case
was 1imited to that giving the exit hub-tip ratio of the last
rotor closest to 0.9. It was then specified that the flow be
turned in the axial direction through one or two stators,
depending on whether the turning in a single row was below or
above the turning limitation.

METHOD OF CALCULATION

For this investigation, it was desirable to cover a wide
range of design specific mass flows and inlet hub-tip ratios.
Only the over-all performance parameters such as design rotor-
tip speed, pressure ratio, and power input were considered; the
details of the flow in the compressor required for accurate blade
design were not considered.. A method of computation called the
simplified radial-equilibrium calculation (reference 2) was there-
fore used. The effect of streamline curvature caused by the radial
motion of the air was neglected in the computation of the radial
veriation of the state of the air. In determining the tangential
component of air velocity downstream of a rotor for constant work
input along the radius, the air particle was assumed to take the
same relative position as upstream of the rotor.

The calculations then involved & station-to-station computation,
starting from the station upstream of the first rotor, with all
quentities expressed in dimensionless ratios. For each inlet hub-
tip ratio, calculations were made for three to five selected values
of the velocity ratio Vz,l,h/Ut ranging from 0.6 to 1.0. In order
o avoid & very low axial velocity entering at the tip of the stator,
the minimum allowable velocity ratio for this type of design is
approximately O.6.

For each inlet hub-tip ratio and velocity ratio Vz,l,h/U'b
used, the radiasl distributions of vz,l/Ut and Ve,l/Ut were
first determined by equations (D13) and (E6), respectively, of
reference 2. In this type of design, with the simplified method
of computetion, the maximum Mach number in the stage occurs at
the hub at the entrance to the stator blade; that is, at station 2.
A tentative relative Mach number therefore had to be assumed
entering at the hub of the preceding rotor blade; that is, at
station 1. The distribution of tangential velocity at station 2
was then determined by eguation (E6) of reference 2, the total
enthalpy at station 2 by equation (18a) of reference 2, the axial
velocity at the hub at station 2 by the specified velue of Mz,h

1241
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equal to 0.8, and the distribution of axial velocity at station 2
by equation (E8) of reference 2. The totel mass flow at station 2
wes then integrated and compared with that at station l. This come
Putation was repeated with various Mach numbers at station 1 wntil
the integrated mass flows at stations 1 and 2 agreed within 1 per-
cente With the correct value of the Mach number at station 1 thus
determined, the total enthalpy at the inlet » the design rotor-tip
speed, and the inlet mass flow were obtained in terms of standard
inlet temperature and pressure.

The computations for the succeeding stages were similar to
that for the first stage except that the variable in the com-
putation was the increase in hub radius across the blade rather
than the maximum Mach number relative to the rotor blade. For
slmplicity, it was assumed that the percentage increase in hub
radius was the same for the stator- and the following rotor~blade
rows. The correct value of this increase in hub radius was the
one that gave ‘the maximum Mach number of 0.8 within 1 percent
at the entrance to the stator-blade row. Because of the hub rise P
& change in tengential veloclty smaller then that given by equation
(1) was assigned at the hub of the rotor blades. The value of the
chenge in tengential velocity was obtained by the condition that
the change in total enthalpy was the same as in the case of no hub
rise; that is,

T4,b V9,40 - T3,n Vo,3,h _ _ 1.55

T3,b Vz,3,h 1+ 1-_8_5
or
r
4,h 1.55
52=70,4,0 - Vo,3,n = —=—7V;,3.1 (2)

This computation was repeated in succeeding stages wntil ths
final hub-tip ratio was about 0.9, which is considered to be the
maximum practical value.

Calculations were also made for the inlet end exit guide vanes,
using a constant hub diameter through eachs :

The detalls of the method of calculating the flow and the
derivation of the equations involved are glven in reference 2.
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RESULTS OF CALCULATIONS AND DISCUSSION

Results of the calculations are presented in terms of equiva-
lent values; that is, the values correspond to NACA standard sea-
level inlet conditions. The calculations cover a range of mass
flows for inlet hub-tip ratios of 0.6, 0.5, and O.4. The ratio of
0«4 is lower than the value generally used, but a decrease in hub-
tip ratio from 0.5 to 0.4 results in & gain of about 12 percent In
specific mass flow (mass flow per unit frontal area, fig. 2) corre-
sponding to the increase in annulus area. The mass flow per wnit
annulus area for the range considered (fig. 2) varies from 69 per-
cent to 87 percent of the thecretical maximum value of 49.4 pounds
per second per square foot.

The variation of rotor-tip speed with specific mass flow for
the three inlet hub-tip ratios 1s shown in figure 3. "For each inlet
hub-tip ratio, the design speed decreases with increasing specific
mass flow, The decrease occurs because, at higher mess flows, the
ratio of air velocity to rotor-tip speed is higher and therefore,
for the same Mach number limitation, the rotor-tip speed has to be
lower. The lower rotor-tip speed .will, of course, give a lower
pressure rise in all stages. Figure 3 also shows that at a given
rotor speed, the specific mass flow increases with decreasing inlet
hub-tip retio. The cross line at the top of the curves indicates
the lower limit of design specific mess flow below which an
excessively low value of the axial velocity at the tip behind the
first rotor would occur. Because of this limit, the maximum value
of design rotor-tip speed decreases from 1040 to 960 feet per sec-
ond. when the inlet hub~tip ratio decreases from-0.6 to O.4.

The variation of hub-tip ratios at various stations with the
specific mass flow for the three inlet hub-tlp ratios is shown in
figure 4. In general, for a given inlet hub-tip ratio, the
required increase in hub radius per stage is less for higher mass
flow; hence, additional stages may be added as the mass flow is
increased before the assigned limiting value of the exit hub-tip
ratio of 0.9 is reached. Also, the lower the inlet hub-tip ratio,
the greater is the nmumber of stages permitted.

The ratios of total and static pressures to the inlet total
pressure, averaged over the annulus area afiter the successive blede
rows, are given in figures 5 and 6, respectively. The curves of
each figure are very similar in shape, but the value for the
static-pressure ratio’'is lower than that for the total-pressure
ratio at the same station. For any glven number of stages in vhich
the limiting hub-tip ratio is not reached, the highest pressure
ratio is obtained with the highest inlet hub-tip ratio and the
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lowest specific mass flow. The increase in pressm'e\mtio with a
decrease in specific mass flow is due to the increase in the
allowable rotor-tip speed Uy with the decrease in specific mass .

flow. The increase in the maximum Pressure ratio with increasing
inlet hub-tip ratio is due to the increase in rotor-hub speed Gy

The increase in rotor-hub- speéd results from an increese in the max-
- imm allowable rotor-tip speed (fig. 3) and from the higher valus
of Up/U; due to the higher hub-tip ratio.

The maximum over-all pressure ratio, as limited by the exit
hub-tip ratio of 0.9, is shown by the crossed lines on the curves
of figure 5. For & given inlet hub-tip ratio » the maximum
allowable over-all pressure ratio can usually be increased by
increasing the number of stages » Provided the specific mass flow
is also increased by & suitable amount to prevent exceeding the
allowable exit hub-tip ratio. When the inlet hub-tip ratio
varies, the relation between the maximum over-all pressure ratio
and the specific mass flow follows the same trend as when the
inlet hub-~tip ratio is constant » but the practical range of
specific mass flow is extended. )

The design criterions chosen give high over-all pressure
ratios with a small number of stages » Which not only reduces the
axial length, the weight, and the cost of the machine » but also
ghortens the time required in design, development, and manufac-
ture,

The veriation of specific power input 4o the rotors with
specific mass flow and inlet hub-tip ratio is shown in figure 7.
At = given inlet hub-tip ratio, the decreasing total-pressure
rise wlth increasing specific mass flow (fig. 5) gives a max-
imwm practical value of specific power input to the whole com~
Pressor a litile higher than that at the lowest allowable specific
mass flow (fig. 3). For a glven number of stages, the specific
power input is about the same for the three different inlet hub-
tip ratios - a result of the smaller total-pressure rise connected
with higher specific mass flow.

A comparison of the characteristics of seven compressors with
an exit hub-tip ratio of 0.9, obtained from figures 2 to 7, is
Presented in the following table: .
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Compres-|Inlet|Specific |Rotor- |Specific |Number|Over-all|Average
sor hub- jmass flow| tip power of total- |total-
tip |(1b/(sec)|speed inpub stages| pressure |pressure
‘lratiol(sq £t)) [(£4/sec)|(bp/sq £t) ratio | ratio
per
) stage
1 0.6 23.2 970 2460 5 4.44 1.35
2 +6 26.2 800 3015 6 4,87 1.30
3 .6 28.1 655 3300 7 5,02 1.25
4 o5 27.3 932 3290 6 5.24 1l.32
5 o5 30.5 184 3940 7 5.67 1.28
6 4 31.3 886 4180 7 5.92 1.29
7 o4 33.9 768 4710 8 6.31 1.26

For a given number of stages, the rotor-tip speed, the specific
mass flow, the specific power input, and the over-all pressure ratio
increase with decreasing inlet hub-tip ratio over most of the range
(fig. 8). For seven stages, the specific mass flow, the specific
power inpub, and the over-all pressure ratio seem to have reached
their maximum values at an inlet hub-tip ratio of about O.4. For
elght stages, the optimum condition probably occurs at a still
lower hub-tip ratio. For a given inlet hub-tip ratio, the rotor-
tip speed decreases with an increasing number of stages; whereas
the specific mass flow, the over-all pressure ratio, and the spe-
cific power input increase.

In addition to determining the trend of the design performance
of multistage axial-flow compressors, the results obtained may also
be used to give preliminary design information. For a given pres-
sure ratio, several possible designs may be obtained from figures S5
and 8, each involving a set of inlet and exit hub-tip ratiocs,
design rotor-tip speed, design mass flow per unit frontal area, and
power input per unit frontal area. The choice will depend upon
vwhether the emphasis is on the smallest frontal area or on the
shortest axial length of the compressor. If a higher over-all .
pressure ratio than those considered is desired in a single unit,
the maximum Mach number may be reduced in the later stages 1o pre-
vent excessive hub-tip ratios, thereby using more stages with a
resultant reduction in pressure ratio per stage for these stages.

In order to illustrate the flow characteristics of the type
of design employed in this investigation, the hub shape of a
typical multistage compressor with corresponding velocity diagrams
at the hub, the mean radius, and the tip, and the variations of
velocities, Mach numbers, static pressures, and static enthalpies
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throughout the compressor, as determined by the simplified method,
are shown in figures 9, 10, and 11 and briefly discussed in the
appendix. For an actual detailed design, it is recommended that
more accurate methods of flow calculation be used.

SUMMARY OF RESULTS

From an analysis based on a design employing symmetrical
veloclity diagrams, constant total enthalpy along the radius, and
& set of chosen design wvalues, the following results were obtained
regarding the design performance of axial-flow multistage compressors:

1. For a given inlet hub-tip ratio » the design rotor-tip speed
decreased rather rapidly with increasing design mass flow per unit
frontel area. The maximum value of design rotor-tip speed slightly
decreased with decreasing inlet hub-tlp ratio. At a given rotor-
tip speed, the mass flow per unit frontal area was greater at the
lower inlet hub-tip ratio. ’

2. At a given inlet hub-tip ratio » the pressure ratio per stage
decreased with increasing design mass flow Per unit frontal area.
The maximum velue of pressure ratio per stage decreased with
decreasing inlet hub-tip ratio.

5. The power input per stage per unit frontal ares was fairly
constant over most of the range of mass flow considered and, dropped
off at the maximum mass flow. The maximum value per stage for differ-
ent inlet hub~tip ratios was nearly the same.

4. With the limitations of an exit hub-tip ratio of 0.9 snd &
constant maximum Mach number of 0.8 for all stages:

(a) The number of stages that can be used increased with
increasing design mass flow per unit frontal area and decreasing
inlet hub~tip ratio.

(b) For a given number of stages, the design mass flow per
unit frontal area, the rotor-tip speed, the over-all pressure
ratio, and the power input per unit frontal area increased with
decreasing inlet hub-tip ratio over most of the range. For seven
stages, maximum mass flow, power input, and pressure ratio were
reached at a hub-tip ratio of about 0.4 and were 31.3 pounds per
second per square foot, 4180 horsepower per’ square foot, and 5.9,
respectively. i
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(¢) For a given inlet hub-tip ratio, as the mass flow per unit
frontal area increased, the rotor-tip speed decreased but the over-
all pressure ratio increased because the number of stages was
increased. Inasmuch as the over-all pressure ratio and the mass
flow were both increased, the power inpubt per wnit frontal area was
also increased.

A1l these results were obtained on the basis. of maximum power
input per stage corresponding to a constant maximum Mach number of
0.8 for all stages. Higher over-all pressure ratios may be obtained
_by reducing the Mach number in the later stages, thereby using more
stages with a resultant reduction in pressure ratio per stage for
these stages.

Lewis Flight Propulsion Laboratory,
National Advisory Committee for Aeromautics,
Cleveland, Chio, August 17, 194S.

1241
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APPENDIX

FLOW CONDITIONS THROUGH TYPICAL COMPRESSOR DESIGN WITH INLET
HUB~TIP RATIO OF 0.5 AND MASS FIOW OF 30.1 POUNDS PER
SECOND PER SQUARE FOOT OF FRONTAL AREA

The hub shape of a typlcal multistage compressor with inlet
hub-tip ratio of 0.5 and specific mass flow of 30.1 pounds per
second per square foot is shown in figure 9. The figure was drawm
for a constant ngnolds number, based on_the axisl length of the
blade, of 8 x 10” at sea level or 2 x 10° at an altitude of
35,000 feet. In the drawing, the tip radius is taken as 1 foote
The deshed line gives the hub shape directly obtained from the
calculation and shows sharp bresks in the slope. A suggested
fairing for practical design is showm by the solid curve. For an
actual design, of course, it would be desirable to repeat the Fflow
calculations with the modified contour.

The velocity diagrams at the hub, the mean radius s and the
tip of the typical multistage compressor are shown in figure 10,
They are not exactly symmetrical in the usuval sense because of
the change in axial velocity and the radial displacements of the
streamlines across the blade. The design criterion adopted for
maximum turning at the-hub of the rotor gives reasonsble flow con-
ditions at all stations except at the tip of the first rotor s Where
a large reduction in relative velocity occurs because of the large
reduction in axial velocity. The relative inlet Mach number s how-
ever, is low at the tip and the more accurate calculation s Which
includes the effect of the curvature caused by the radial motion,
tends to reduce this change in axisl velocity (reference 2) and
consequently improves the condition at that point. For a low inlet
hub-tip ratio and for a low mass flow, it is recommended that the
flow over the tip of the first rotor be taken into accownt more
carefully by reducing the turning over the first rotor or by adding

.more work toward the tip than at the hub, thereby increasing the

axial velocity at the exit of the rotor tip.

In the design criterions chosen, the maximum Mach number
occurring at the entrance to the station at the hub is limited to
0.8 for all stages, and a constant percentage increase in hub radius
is assumed for a stator and the following rotor. This criterion
glves the relative Mach number at the inlet to the blade (fig. 1 a)).
The maximum relative Mach nmumber at the inlet to the rotors could be
increased to 0.8 if a greater hub increase were taken through the
stator row, which is not done in the present calculations because
of the additional time required and because the additionsl sharp
breaks in-the hub shape would be wndesirable.
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The velocities relative to the stators are shown in figure 11(b);
the velocities relative to the rotor, in figure 11(c); the axial
. component of the velocities, in figure 11(d); and the absolute tan-
gential component of velocities, in figure 1 e).

For both absolute and relative velocities, the variation with
radius (fige. 11(b) and 11(c)) is_larger at stations following the
rotor than st stations following the stator. This variation is the
result of large veriation in axial velocity at stations following
the rotor (fig. 11(d)), which is characteristic of this type of
design. A more accurate calculation that includes the effect of
gtreamline curvature caused by the radial motion would decrease this
variation in stations following the rotor and increase the variation
in stations following the stator (reference 2).

The tangential component of absolute velocities (fig. 11(e))
generally increases with radius, and the sum of the velocities
entering and leaving a rotor approximately equals the rotor speed.
The deviation is caused by the radial displacement of the
gtreamlines.

The absolute velocity entering the stators is increased in
successive stages in order to maintain the constant Mach number
at the hub with the increasing air temperature in successive stages.
This increase is achieved primsrily through the increase in axial
components. The variation of absolute velocity entering successive
rotors is determined by the specified taper of the hub across the
stages and increases in successive stages except from station 1 to 3,
because there is no taper across the first rotor. This progressively
higher axial velocity entering the rotors gives progressively larger
changes in tangential velocities across successive rotors, as cal-
culated from equation (1). :

The static-pressure ratio across successive stages along the
assumed streamlines is plotted against the entering radius in fig=-
wre 11(f). The pressure ratios are very nearly constant with
respect to the radius.

The increase in stetic enthalpy throughout the compressor is
shown in figure 11 g); the variation with radius is small. The
unit used here for static enthalpy is square feet per second per
second; in order to express this unit in Btu per pound, the value
should be divided by 778-x 32.2.

b

1241
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Equivalent mass flow
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Figure 6. - Variation of average static-pressure ratio with inlet hub-tip radius ratio and

specific mass flow.
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Figure 10. - Velocity diagrams of typical multistage compressor with inlet hub-tip radius ratio of 0.5 and
specific mass flow of 30.1 pounds per second per square foot.
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Figure 10, - Concluded. Velocity diagrams of typica! multistage compressor with inlet hub-tip radius ratio of 0.5
and specific mass flow of 30.1 pounds per second per square foot.
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Figure Il. - Continued. Flow conditions through typical multistage compressor with inlet hub-tip radius ratio
of 0.5 and specific mass flow of 30.1 pounds per second per square foot.
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Figure 1i. - Continued.

compressor with inlet hub-tip radius ratio of 0.5 and specific
mass flow of 30.1 pounds per second per square foot.
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Figure 11. - Continued. Flow conditions through typical multistage compressor with inlet hub-tip radius ratio
of 0.5 and specific mass flow of 30.1 pounds per second per square foot.
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- Concluded. Flow conditions through typical multistage compressor with inlet hub-tip radius
ratio of 0.5 and specific mass flow of 30.1 pounds per second per square foot.
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